COI1-Regulated Hydroxylation of Jasmonoyl-L-isoleucine Impairs Nicotiana attenuata's Resistance to the Generalist Herbivore Spodoptera litura.
The phytohormone jasmonoyl-L-isoleucine (JA-Ile) is well-known as the key signaling molecule that elicits plant defense responses after insect herbivory. Oxidation, which is catalyzed by the cytochrome P450s of the CYP94 family, is thought to be one of the main catabolic pathways of JA-Ile. In this study, we identified four CYP94B3 homologues in the wild tobacco plant Nicotiana attenuata. Individually silencing the four homologues revealed that NaCYP94B3 like-1 and NaCYP94B3 like-2, but not NaCYP94B3 like-3 and NaCYP94B3 like-4, are involved in the C-12-hydroxylation of JA-Ile. Simultaneously silencing three of the NaCYP94B3 like genes, NaCYP94B3 like-1, -2, and -4, in the VIGS-NaCYP94B3s plants doubled herbivory-induced JA-Ile levels and greatly enhanced plant resistance to the generalist insect herbivore, Spodoptera litura. The poor larval performance was strongly correlated with the high concentrations of several JA-Ile-dependent direct defense metabolites in VIGS-NaCYP94B3s plants. Furthermore, we show that the abundance of 12-hydroxy-JA-Ile was dependent on JA-Ile levels as well as COI1, the receptor of JA-Ile. COI1 appeared to transcriptionally control NaCYP94B3 like-1 and -2 and thus regulates the catabolism of its own ligand molecule, JA-Ile. These results highlight the important role of JA-Ile degradation in jasmonate homeostasis and provide new insight into the feedback regulation of JA-Ile catabolism. Given that silencing these CYP94 genes did not detectably alter plant growth and highly increased plant defense levels, we propose that CYP94B3 genes can be potential targets for genetic improvement of herbivore-resistant crops.